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KATI01TAL  ADVISORY  COMMITTEE  EOH  AEHGlfAUTICS 

ADTJUTCB usnions REPORT 

THE  LOITOITUDUfAL  STABILITY  OF FLYIITG  BOATS  AS 

DETERMINED BY TESTS  OP M0D3IS   13 TEE 3A3A TAKE 

II  -  SJ'JTECT  OP VARIATIONS   II! POBJI OP HUH 

OH SON&ITIIDINAI. STABILITY 

By Stnrr  Truscott   and Roland 2.   Olson 

SUMMARY 

Results of inventifations of 
characteristics of several r.odole 
tempt to arrive at general conclv. 
variations in the form of hull on 
Data ura uaod from tests at court 
trim limits of stability; from te 
ostablinhin;; the Units for stabl 
of gravity; und fron tests at dec 
iv.f tho landing oharaet er lstlcs. 
not nccunsarily final tut tho ava 
certain kraaAi that are offorod a 
and  icsiT.1, 

tho lorigitu/.in.'tl— stability 
are  considered   in  an  at— 

Dion»  as  to   the   effects   of 
these  characteristics, 

ant   speed,   •.-;')•• ,••'..' iching   the 
sts   at   aceel orated  speeds, 
e positions   of  the  center 
eleratc?.  speeds,   establish— 

Tho  conclusions  drawn  are 
liable  info mat ion  indicates 
a   a gttida  to  future  testa 

Tho  lower  tria  licit  of  stability  is  not   appreciably 
affected  by  oh an {TOO   in position   of  center  of  gravity,  posi- 
tion  of   stop,   plan   fovra   of   stop,   dopth  of   stop,   anfilu   of 
aftorbody  .'reel,   and  length  01   afterbody,     A  reduction  in  tho 
angle  of  doad rise  decreases   this   limit  to  lov.-or  trims.     An 
increase  in  srocs  weight  raises   this  limit   to hipher  trims. 

The tipper  trim  limits  of  stability are  not   »'pproeiably 
affected by a  change   in  poaition   of  center  cf   ~rnvity.     Kov— 
tag the  otop  aft   appears  ti* raiae  tho  limits  «lightly.     Those 
Units  are. raised  to  . .;/,-h'-r   trijas   b     an   increase  in gross 
weight,   .an   increase   in  dopth  o.*.'   step,  an  ij.croaso  in  angle 
of  afterbody k«el,   a •' >  -r. i*eo   ir.   length   %t aftorbody,   and 
by ventilation  of  a ehallov  step.     Thuso  limits   are  changed 
by a variation  in  f.'.o plan forj.i   cf   tho  stop   in  proportion  to 
the  chi.n/;-os   in tho  offoctivo ücj.th  of   step  and  tho  effective 
position  of  tho   step. 

—— 
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The Halts for  stable positions   of the   cantor  of 
gravity are  shifted by a distance  approximately  equal  to 
the distance  the centroid of  the step Is coved,     Increasing 
the depth  of  step does  not  appreciably chungo these limit::. 
With heavier gross  weights  the ranee  of stable position.i 
for  the  center of gravity la reduced. 

Instability In landing at 
eliminated either by increasln 
ventilating the step. X depth 
percent of the bean has boon f 
lation ducts located near the 
are effoctive, but ventilation 
effective. With a depth of st 
landing instability of one HOC1. 
int: the angle of afterbody Jcee 
ing the length of afterbody fr 
I ) ü . 

high  trios  is  reduced  or 
g the depth   of  step or  by 

of  step  of  the  order  of 8 
ound necossary»     Largo ventl— 
Jceel  and ,?ust   aft   of the  step 
ducts near  t.'je chine are  in— 

ep   of  5,5—percent   bean,   tho 
el   «as  not   eliminated by vary— 
1  fron  4°  to 8,5° and  increas- 
oa  161  to Sll peroent  of the 

I 

iirraosL'crioj 

Several aodels of flying boats have booji 
at tho iUCA tanJr in an effort to dotcrrii.no th 
stability characteristics. Part I (reference 
port describes tho aothodo that have been use 
The aoaels usually represented specific deal,- 
either the full—size airplane had been built 
tion was at an advanced •tage baforo tests of 
renueutad. She possible modification.! were, 
li.Mltod to siJall changes that vero expected t 
stability characteristics without «.ppreclablv 
existing desifn. 

investigated 
cir  longitudin.il- 
l)   of this  ro- 

at  tho  tank, 
rs • generally 
or   tho  construe— 
the aodel  were 

therefore, 
o  improve  tho 
altering tho 

Vlth wuch an up-.roach to the nrobloa o 
stability, the creator port of tho research 
of a jiuHber of unrelated to.Tts, each of whi 
tho specific purposo of improving tho ntabi 
ular design. The investi,"itions havo been 
essentials because of the liaitod tiae that 
to a.iy sl:i;ln te3t, X complete study of th 
the :.: null" icat ions was therefcro lapoeeible, 
stances t.'m data :ire incomplete, äepotitio 
eral teot3 has been large, and t.ve contribu 
test  to  t te general problem, has  often  been 

t longitudinal 
'•as  cons is tod 

cL  wan made  for 
lity  of a partlc- 
vestrlotcd to  tho 

could  be  allotted 
e   effects  of  all 

and  in many  in— 
n during the  sov— 
tlon   of  any  siiglo 
small. 
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A  study  Of  these   tests has  boon raado  for   the vjurposa 
of  determining uhat   j,oncral  conclusions inay  be  drawn from 
then  as  to  the  offoctB   of  variations   In  tho   fora  of the hull 
on tho porpoising  characteristics   of  tho  coaplote modol.     In 
BO.V.C   instaneos  tho  data  aro meaner   and tho  conclusions  arc 
not   necessarily  final.     All  those   toats  have  been  made  with- 
out   iionrorofl. propcllors. 

DATA 

Wherever  possible,   the  data on which  the   conclusions 
of  this  report  are   based »arc presented  In the  form  of  curves« 
These  curves, in turn,are based directly  on data obtainod  fron 
teats   "f   a number   of   different  moOols  and represent  what   are 
believed  to  be  the  nost   reliable  data  obtained  from  those 
tö.'.tG. 

Tho stability characteristics of tb« differfnt models 
f.re not coapared bfcause they generally represent entirely 
different deslcns &nd the atrodyn-'-mlo characteristics of 
most of tho ..odels -vere not determined,  Aerodynanlc tests 
also sho-T it large scale effect as evidenced by deoroasod 
angle of stall.  Since the aerodyn-mle lift cannot be pre- 
dicted With any desree of accuracy, the load on the water 
at any particular speed cannot ba dotertslncd vlth sufficient 
precision to Justify conclusions as to tho relative merits 
of the several --.odels,  Aerodyn-rale i"ta are now being deter- 
mined for each tcodel as a routine -lortion of th-> test program. 

IRIH LIUITS 01 STABILITY 

The trim Halts of 3tabilit; are defined aB the trims 
that separate the stable ranfje of trims frou the unstable 
ranje.  -hene limits are determined by varying: the trie at 
constant syeud and observing the trim at which porpoising 
first appears«  This procedure is described in detail in 
reference 1. 

Throo trim limits of atabillty exist for aodols of con- 
ventional flying boats.  The lowor trim Halt of stability, 
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where 

&o       initial load,  on 'ator,  gross  load.,  pounds 

b maximum "bourn of  model,  feet 

v specific weight   of  water,  pounds per  cubic  foot 

At high  speeds  the  lower  limits  tond to   converse and 
the change  in limit with load is  loss mnrhed,     Tho  curves 
of figure 1,  which  show the lower  limits for   aovcral valuoa 
of tho  gross weight,   actually cross  and a discontinuity  or 
sudden decrease  in trim  occurs.     The  afterbody   interference 
apparently has  some  influence on  the lo-rer  limit .at these 
speeds« 

Tho upper  limit,   increasing  trim,   is raised as the 
gross weight   ia   increased end the   speed at  which  it  is first 
obtained is  iilso  increased«    The upper  Unit   could Tie obtained 
at  lovrer   speeds by  applying external moments  or  by changing 
tho position of the center of  gravity«    This  information would 
bo more academic than practical«     The pitching moments used 
for  those testa  includo the maximum  that  can he  obtained from 
the  tail proup  at positions  of  the  center  of  gravity ueed  in 
flight. 

It has been observed that tho upper limit 
the load is incroasod. If afterbody clearance 
upon which the i.osition of tho upper limit dope 
thin limit would probably ho raised because tho 
wake io greater at tho heavier loads, Hl;;hor t 
foro necowaary to establish a flow over the aft 
rable with that at ll^ht loads. The problem of 
clearance will be further coiBic.ered in connect 
effects oi depth of step, ventilation, length o 
and angle of afterbody koel. The available dat 
indicate that the upper unit, door easing trim, 
as MM lo:.'.d is increased« Many inconsistencies 
that aro mainly due to tho difficulty in obtain 
limit» tS&o reference 1.) With heavier loads, 
ing appears  to be more  violent   and diffiov.lt  to 

is  raisod aa 
is  a factor 
nda,  then 

depth  of   tho 
rime  aro  there— 
erbody   conpa— 
afterbody 

ion with  the 
f  afterbody, 
u appear  to 
is raieed 
are found 

ing this 
the riorpola— 
control. 

In a parallel  investigation conducted  at Stevens  In- 
stitute  of  Technology with a l/SO-sise model,   the  same 
general trends were  observed,  but  actual values and details 
of  'cehavior were different fro:a those obtained  in tho KACA. 
tank when  a l/l^-siso aodel of  the  same flying boat  was 
tested. 
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with  increase   In dopth   of atop.     In flgwro  8  tho uppor  lirait, 
increasing   trim, at  • load of     0^o =   0,97     and with tho doop 
step  coald not  'be  obtained with   tha  available   control raouont. 

The  afterbody clearance  appears  to ho  tha  important 
font «re  of   tho planing bottom  that   affectr.   tha upper   Halt, 
Tho  increased £epth  of   step raises   the  whole   afterbody  and 
provides  nor?  clearance  rind batter  ventilation  of  the   atop. 

Tho  trends.-, produced by  increaai:-.j:  the  dopth  of  ste^  aro 
Cenevdly  substantiated by the roaultl   of  sslrailur   teats  that 
have been made  in  tha   suall tank  at  Stevens   Institute  of 
Technology. 

Effect   of change  in position   of   stop,—    Trim limits   of 
• tuMlity  obtained for   differ out  poniiioai   of  the main  3top 
are  shown   in fl^uros  9   a^.d  10,     Tho modifications  shown   in 
fi7.-1.ro 9   Involve no  chan.ru  in depth  of  stop   as  tho  tranavorno 
stop  is   iaovod;  whciroas   that  shown   in  flgur«  10 produced  an 
incr^aso  in  dopth of   atop  of  3,3—porcent Veu. 

Chanpint;  the position of  the   stop  caused  only sr.all  and 
Inconsistent   Change*   in  the lower  linit  at   lataraediate pinn- 
ing  speeds,     Or oat or   differences,  without   definite  ordsr, 
were found at high  npeeds,  but   these differences may be  gen- 
erally  attributed to   changes  in  smoothness   of  the  forobody 
planing  surfaces.    Eo   appreciable  dlfforjnce   in  tha lowar 
limit   at   lr.teracdi.ato   Ei>oedr,   la   ta   ^o  expected.   Inasmuch   as 
the  no.'.oj   la  planing  on tho  forohody  avid p.uy   cl-ango  in the 
position  of   thu  atop   is   r-ir.llar   in   effect  to   an  opposite 
chine0  in  tho position  of  tho  OttttteT   of   /»ravity.     Change 
in thii   al't.irbody  intcrfarenca with   change  In  the position  of 
thy  ntop ma?/ h-ivo  a small  of-"cct  on tha  lowor  Unit  at high 
•pooAo* 

tai roov.lta  shown  i;'.  figure  9   inlieato  thct  the upper 
llrill-.*    <r.   raised an   tho  stop  in  moved aft«     This   Indication 
la  not   .:onelanlvo,   irao.nurh  as   soiu  discrepancies  appoar  for 
tin.  l'-'iai.   u'lUTH   In  tha  figttro and for   other  loads  that  wore 
l ft«   at i   ,.t...i  but  not   iicludod in   this  report, 

Cii.-.ut.oa In the position of tha stos uhaag« tho hydro— 
aymu.io «üuiiv.itB, union, ir. tuvn, ehaago the r.-.ngo of trims 
thut   oaii ho  ohttvlkod with  t.xa  i-.v:-Mabl J  .".or odyne.mic  control 
 .t,     ti...  anting.)   1A hydrodymuaic  mownnt   is  r.oro  important 
t...  ,.   i;.iy   Birtuli  .UiVovono.-a.   in  trim  Haiti*.     ThiB   offoct  will 

• .•..-   i .iti.r   lu  |iu  otlon With  t'uo determination of 
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the proper  location   of  the   seen  by  tests  in  w''ich  accelerated 
run:>   are  used« 

Effect   of  chili; e   In plan  l'ornt   of  afrep.— Vhaa  the pl.-.n 
foro   of   the   atop   is   changed,   both   this  position   and   the  depth 
of rtep  ere  changed,     the  effects   of thee«   change! must   be 
considered  in  detersiinl'v; tho relative aerltl   of  any partic- 
ular plan for a«    Data shoving the  effoot of aodlf loatioaa  of 
the  plan  form   of  the   step  on   the   trim   limits   of  stability 
aro   Included   in  figures  0   to  13.     These modifications   of   tho 
plan  fom   include   traiu»iirn,   Vee,   notched,   swallow-tall, 
curvod,   and  breaker   ntepe. 

Within  the  limits   of eceuvaey  of  theno   testa,   the  lower 
liv.it  of   stability   is  unchanged  by  a change   in  the plan form 
of   the   step»     Small  differences   occur  n•••-••   httap   speeds  when 
tho  afterbody  con^s   oloar  and again  at high   speeds vhoro  the 
spray  striking tho  aftoraody  in   changed by  tho rodifiod  stops. 

2ata regarding 
f i ;ur e  3 ,   the  upp er 
algae*  vhaa  those  8"fl 
fact   that   the  curvei" 
than  ere  the trsBiro 
in the  trla  limit, 
shown  in figures  10 
aro  ineouplete;   but 
proroaont notud in t. 
aay bo  attributed  tu 
than   to   a  change   i:i 

s 

the up 
11a its 
tai tied. 
st ep 

r er st 
The da 
and 11 
tho V! 

he »oh 
th 0    1 

tho pi 

jior  Halts  are  incou^lete»     In 
ootained  with  the   curved   steps   aro 
with   tho tranaveroB  stops.     The 

ia   also   effectively  farther   aft 
ops nay partly  explain  the  inoi-oaso 
ta rclativo  to  the  upper limits, 
for  notched and  avallow—tail   stops, 

r.or.il   conoJuaion   ia   that  the  i;i— 
nvior  taring tai.o-ofi"   and landing 
ncroano   in  tho  depth   of  stop rather 
an  fora. 

The data for the upper lii.it, .;hown in figure 13, aro 
not oonairtont and represent the early efforts «t investi- 
gating  this  liuit. 

Effect   o'  ventilation.—  Ohservat i ons   of   the   flow   of 
vat or  at  il-e hi.», in  Tlep  J.ui'in:; hlgh<~aagla (ujijov-liuit)  por- 
poising;  i-cicate  that   during a part   of   the  cj-cle  the  water 
co..   .letoly   seals   tho   ste^  and   actually    -ots   tho  afturbody 
just   behind  the  step.     Observations  of  tho flov   of vat er 
behind  tho  stop  and.   of  the  roduction  in violence  of v.ppor— 
liait  porpoising with   increase  in  depth   of   stov>  indicate 
that   t  V oat llat lea  of  tho   stop   weald   uo   beneficial,     j.'oasurc 
Bents  of  tho pressure  bo'iind the   stop  during upper— llr.it 
por)'oisint;  show that   a Aoflalto negative i.rc3Suro  is  de- 
veloped. 
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In  order  to   improve  the  stability at 
high  epcods,   ventilation  of the  main  step 
gated.     The  forebody   and   afterbody   of   a in 
eul.-.rly  bad landing  characteristics  vere 
stejj   in  order   to allov; air  to flow under 
the  interior   of  the  ...odel.     The width  of 
and Aii'forent  parts   of  the  slot   v.'ere  seal 
bottou  durin.-,   the  tests.     The   trim  Units 
vent   oxtending:  over   the  beat:   of   the model 
ure  14.     Ventilation has  small   offset   on 
the upper  limits  are not   only raised  to h 
also  c.o  not   appear  until highor   speeds  ar 

high  trims  and 
has  been  invosti— 

odel having parti- 
separated  at  the 
the  afterbody  from 
this   slot  '.MS  varied 
ed  at   the afterbody 
,   with  a l/3-inch 
,   are  shown  in fig— 
the  lover limit; 
igher   trims  but 
e  reached. 

This   investigation was  extor.ded by a series  of   simulatod 
tako—offs  and  landings.     These  tests' oho»  that   the  sudden  in— 
crc-aoo   in  tria   of  the   original  model  at   tako—off  and   tho   sub- 
sequent   skipping  on  landing are  olialnatod by yropor  vonti— 
lation* 

Veatlla 
1/4—iueh do 
tho imtabil 
a 1/3-inch 0 
and 1 '.".1 cd 1 
provement ir 
sufficient v 
Slots 1/3 la 
were lneffec 
portioa of t 
tloa Of the 
entire bea.i 

tion by . .en« of an :iir 
t butvoon tho forebody 
ity on landing but did 
lot, the uodei took off 
it;- nelthor porpoising 
dicatca thpt tho l/4—in 
entilation completely t 
ch wide n::C.   extending 1 
tive, but similar ventl 
ho beam VM almost as 
instabil it;- in landing 
of the model. 

duet in the form of a 
and the af t -.rbody roducod 
not clioinato it.  With 
/lth no increase in trim 

nor skipping.  This in- 
ch slot did not provide 
o eliminate instability. 
/4 ben.:: in fror, each chine 
lation over the center 
ffective in the el in ins— 
as ventilation over the 

The effect of vent lint ion on the' trim Units of another 
model is shown in figure 15,  Tor this model the upper limit, 
la Or easing trii.i, eppo&r ed at a higher speed with ventilation, 
but ot.'i rwiße the 11aIt was not appreciably changed.  The 
-lower branch of the upper limit (decreasing trim) was slightly 
raised.  The chief effect noted was a definite decrease in 
the violence of the porpoising.  The tendency of the !odel 
to increase trim on ta.'co—off and to porpoiso or skip on land- 
ing at high trims "ns roducod by ventilation. 

Ventilation of the stop of two other models that had 
definite instability character is tics on landing was un- 
successful.  Ventilation for the first of these models 
was nap..Hod through oi*;ht l/s— inch—diaustcr holds located 
on tho vtrtical surface of the stop.  These holes opened 
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would be expected, the effect of a change in the au.-lr 
of aftereody k el on the lower limit of stability 1B 
r.egli«;i".-le.  Iiii-reasir.g the nagle of afterbody keel in- 
creases the afterbody clearance rad rr.ises the upper 
Units of stability.  The violence of the porpoising Is 
not r.pprecinbly Bhang*! "ith the greater nn.<:lea of after- 
body keel.  tfiMi t2se highest ar..,le of afterbody keel (fig. 
19), tha motion is almost entirely vertical with negligible 
cVn.e in pitch. 

Sffcct of -r.sk of dead rise.- A  th.-oretleal and 
experimental determination of the effect of the angle of 
dead ri3o Of s pinning surface on the lover limit of sta- 
bility has boen cade.  The computed and tha exporimental 
rallies for the lower limit are both doeroased v/lth a de- 
crease In the angle of dead rise.  (See reference 3.) 

further r.'&earch Is necessary in order to determine 
the offset of thij variable on the u.per triji limits. 

Bffnet of ool^tPd step.- Lower-limit porpoising is 
attributed to the ohr.raeter of the flow over the forebody 
or ftlngle planing sui-face.  Upper-limit ;jorpoisin» is at- 
tributed to the character of the flow over the forebody 
and afterbody r.nd is present only "hen two or more planing 
surfaces are used. 

In as effort to .lininate tba upper trim limits of 
stability or to reduce the possibilities of having high- 
sngla porpoising occur, testa were Bfide of ß moael »Ith n 
pointed forebody similar to that used i.; the iT.'-CA model 
35 scries (reference 4). 

The first tests were made with tanaen planing sur- 
fac. i| si^ulit int. the planing bottom for a flyi.n;,- bent. 
Th;<ae tests were disco;iiinued because the porpoising 
motion was so violent thr.t this particular model was con- 
sidered i-pr ict ic.Lbli. 

Further tests were made by use of R model of a convur.- 
tiorpl airplane -'ith a   transverse step rnd of the spmo 
model "ith A pointed stop.  The curves showing tno trim 
limits of stability of "ooth models are shown in figure 20. 
At constant speeds the nodol with the pointed step is, 
in gtnarftl, more unst/iblo thrn the redel with the trpns- 
verso stop.  ?hc separation 'Jotwoon the upper rnd lower 
limits is reduced.  The tendency to skip on lf.ndin* waa 
eliitiin.'tod, however, by the use of the ;iointeu step. 

,   * 
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Mlsccllanooua padificnt1ons.- In addition to the 
cViV...os previously centioned, a number of other modifica- 
tions have been tried, such as breaker steps, fairings 
behind the aain step, end spray strips. • The Improvements, 
if any, hp.ve been negligible and generally the tests have 
been discontinued without obtaining complete dpta. 

LIMITS 70S T3ATEL 0? TH3 CE3TEB. OF OBATITT 

The positions of the center of gravity at which the 
model is stable during acceleration are determined by the 
method of accelerated runs.  This method was described 
briefly in reference 1, out the details of the method and 
the use of the data for« omitted.  (See ulso reference 5.) 
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nnlnly r.n Tscillr.tion in. pitch .-.nd gonerp.lly reaches a 
m-.xiv.um and thon doercr.Bos with further incrcp.se in 
speed.  The violence it  porpoising increases slowly -with 
further forwprd ooveaont of the center of gravity. 

As the center of gravity 
trim attitudes are increased. 
hydrod;;na:".lc trInning moments 
of the center of gravity is f 
the trim («ith up elevptors) 
of stability, end poryoising 
in figure 33 with the center 
aerodynamic chord and full-up 
t^fter positions of the center 
associated with upper-limit p 
in the after position of the 
violent porpoising.  The moti 
the auplitude getter*!!)) iucro 
Shis motion is eallad diverge 
the convergent porpoising unc 
of the center of gravity* 

is moved aft, the free-to- 
aecause of the more positive 
.  An after limiting position 
inally obtained that causes 
to cross the upper trim limit 
occurs«  This effect is shown 
of gravity at 32 percent mean 
elevators.  Porpoising at 
of gravity, therefore, is 
orpoising.  A small change 
center of gravity "nay produce 
on is principally in rise and 
ases with increase in speed. 
r.t porpoising, as opposed to 
ountered at forward positions 

The nnxinua amplitude of porpoising, one of the prin- 
cipal men'surue of violence, is determined from plots similar 
to thos-u shown la figures 22 and S3 and is plotted against 
position of the center of gravity as shown In figures  £4(1-.), 
24(b), 35(a), ABA 33(a).  '.'roc those curves the rr.nge of 
positions of the center of gravity that aro stable may ho 
doterair.od. 

Vhen tie range of stable positions for the center of 
graTlty ll determined, the following assumptions are made: 

1.  The nnxinun permissible amplitude of porpoising 
is no ,;reater than 2°.  (See reference 5.)  This amount 
of pornolalng Mould not he considered dangerous from con- 
siderations of either control of the airplane or forces 
on the structure of the hull. 

8«  {hi ran e is dttorninea fron a condition of neu- 
tral elevators at forward positions of the center of «rav- 
Ity to fall-up elev-iters  at after positions.  This pro- 
cedure proauppoacs a recovery fror, a porpoising condition 
by incrtfpsin(; the elevator def1.ction at forward positions 
and decrjasir.g the elevator deflection at after positions. 
On th.s basis of the3e p sumptions the r-nge of trtival of 
the center of gravity is plotted against lord in figures 
?4(o), 25(b), and 26(b). 

L 
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Effect of depth of step.- The results of tost 
which tho dopth of stop was varied, the samo posit 
*•';- stop being maintained, are plotted In figures 
27. An Increase In dopth of stop from 3.6-poreont 
6.3-p^rcont boar. (fig. 25) produced a maximum shlf 
than 3 percent sicaa aerodynamic chord In the forva 
of tho center of gravity. The limit for tho deepo 
lios botwocn that for tho lntornedlato and shallow 
figure 87 showB no appreciable chango In this 11ml 
fr.at that no appreciable or consistent variation w 
of stop was obtained Indicates that, within tho ac 
those testa, the forward limit for stablo position 
contcr of gravity was unohonged. 

15 

B In 
ion of 
25. and 
seam to 

t of less 
rd limit 
st step 
step, 

t.  Tho 
lth depth 
curacy of 
s of tho 

The after limiting position cf the center of gravity 
(fig. 25) was consistently m-..vod forward with Increase In 
depth of step. She maximum change was. however, less than 
2 percent mean aerodynamic chord. figure 27 Indicates no 
definite movement of the limit within the accuracy of the 
tests. The effect of variation In depth of step on the 
after limiting position of the center of gravity may there- 
fore he consldored nr. small. 

The fact that porpoising at high trim Is more easily 
controlled with tho deeper stops does not appear In the 
data hut represents the reactions of tho operator control- 
ling the model. 

tffeot o:' chi'n<re lu ] osltlon of step.- The effect of 
Is shown In flf.-ures sTfcT and 26,  Moving 
300 Ve0 atep (fig. 34(c)) aft by 0.75 
".'..A.C.) coved both the forward and e.fter 
of tho center of f.ravit; aft by npprorl- 

••M aerodynamic chord.  Moving the 30° 
(b)) aft by 1.33 Inch (".<; percent M.A.C.) 
limit approximately 7 percent mean poro- 

tho same direction.  The after limit was 
this aodel. Inasmuch as It appeared to be 
for  r.-itia i operation. 

When conventional 'modifications of th.e step are used 
-.th conventional depths of ntep, the following conclusions 
may be drown.  Changing tho position of the -top chongos 
tho forward tad nfter Uniting positions for the center of 
gravity b; an upproxlr.atoly equal amount In the same direction. 
By this method of touting, n position of the step may bo 
dot^rml....d t;-. t will ranke the V.ydrodynumic requirements for 
the position of thö acntor of gravity coincident with the 
aorodynuulc roijuiroacnts. 

aov Lag the ateo 1 
the position of a 
inch (3.1 percent 
11..-. Its Sot  t ravel 
mately 3 percent 
Tee step (fig. 26 
mov ud tho forward 
d/nutrie chori lu 
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Effect of change In plan form of step.- The plan 
form of the step has been altered far several models. 
When the plan form of the step is changed, Both the effec- 
tive depth and the effective position of the step are 
varied.  It is therefore desirable to establish some 
criterion for locating the position of the step whan the 
plan form Is changed. 

The forward and after limiting positions of the cen- 
ter of gravity of .-. modul with .-• transvorso stop, a 20° 
Voa step, end it 30° Vcc stop ->.re s'.io-'n In figures 26 (r.) 
and 26(h),  Th  transvorso step is located at the nldpoiat 
of tho Altitude of tho triangle formed by the 30° Vao stop. 
The 20° and 30° Vee steps coincide at the chine.  If it 
is assumed that the 20° Voe stop Is the basic etep, the 
following table may be compiled! 
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of stop of 10.5-porccnt ber.m at the kool and 8.0-porccnt 
be.-.m at tho ccntroid.  The landing speeds of this model 
wore v~ry high.  Two othop models with transverse stops 
voro fo• a.i to bo highly unstable in landing at high trims. 
Thcso models were improved by lncr••• r,ins tho depth of step 
from 5.0-i?urcent tcMn to 8,2-perccnt beam und from 6.5- 
percent bjair. to 8.2-p»;i-eont bean. 

Although it is impossible to establish definitely the 
depth of step necessary to insure stability in landing, it 
is evident that greater depths than have been generally 
used on conventional airplanes.will be necessary. 

The effects of ventilation have already been consid- 
ered under tho results of constant-speed tosts.  Ventilation 
definitely his improved the landing characteristics of two 
models teatoA i: the :'ACA tank,  th« amount of ventilation 
required Is greater than hnB been generally considered 
necessary for reducing resistance at lew speeds.  Ventila- 
tions should be applied over thö cenlei section of the 
bottom of the s^del just abeft the stop an<? the ducts 
should bo as close to the keel as possible. 

1.  :1\..     instability of a model having a depth of 
step of s.b-jvi'CLiit beam and an snglo of mtterbody. keel 
of 5.5° was not eliminated by decreasing tho length of 
tho afterbody from 311-percent b.an to 161-percent beam. 
Kith a depth of step of ö.b-percont b.nr. and a length of 
afterbody of 261-percent beam, the lnnding instability 
was not olimlnntod by increasing the angle of aftorbody 
kool from 4.0° to 8.5°. 

Tho 1; ndl.i" characteristics of one model were im- 
j.rovid by tho ut,e of n pointed stop, tut the rr.njro of 
str.ulc trims while tii  model VIM on the wr-.tcr was greatly 
reduced. 

C or. C L'JB I ;•" U R31<AHK S 

In   order   to   obtuin   complete   information  as   to   the 
lo>i('ituiiubl-«tt.bllity  characteristics   of   a   dynamic   model 
of  a   flyii.(    boat   aa   a   ba>>l&   for   couniAerln^  the   advantages 
of   modification. ,   te.ts   sl.ould   be   mude   (1)   at   constant 
speeds,   to determine the  trim  limits  of  stability;   (S)   at 
accelerated   speeds,   tc   locate   the   position   of   the  step  and 
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5, Alluring the plan form of tho stap has r.   noglifible 
effect on the lover limit of stability.  Tho upper lirsits 
pro prob.ibly ch^.iifTüd us thu offjctivo depth of stop -is 
iiior^n.acd or dcerotisod.  The range of stable positions of 
the •• ..< er of gravity is shifted a distance approximately 
enual to the change in the position of the centroid of the 
step. 

6. Ventilation of a shallou step does not change the 
lower trim limit of stability but raises the upper trir. 
limits.  " '.! il tior. rcduses the tendoncy to increase trim 
on taice-off and reduces landing instability.  Ventilation 
is aore effective when applied nonr tho ksol than at the 
ehinjs.  Larger vent Hat ion ducts aro required than have 
li , n considered necessary for reducing the resistance at 
low speeds. 

7.  "aryiii;-; the length cf the afterbody has 
gible effsct on the lower trim liait of stability. 

negli- 
The 

upp er lirr.it; are raised the ar'tei iy leiifth is de- 
creased. available information iriuicates that sta- 
bility durin,j take-of  is increased b;.- lengthening the 
after'jody.  The range of stable po&itions -or the center 
of gr; Tit;' of one Eodol <taa increased i-hea the length 
of eftorbody was increased from lfl-percunt to 195- 
paroant bean:.  In those tests not only was tho length of 
nftorbody iacronscd but the china flare on the afterbody 
was r.:ovo: 

;n -li 

V/ith a •'•. pth of step of 5.5-percent beam 
nftorbody keel of 5.5°, instability in 

landing Vai present for lengths of afterbody from 161 to 
311 percent of the beam. 

9.  Char.?rinf- tho nng-le of afterbody keel has no 
definite effect on the lo.;er trie li^iit of stability. 
The upfer trir. limits cire raised as the angle of after- 
body kool is increased,  tfith a depth of step of 5.5- 
percöiit bean; end an afterbody length of 251-percent beam, 
instability in landing vas present for angles of after- 
body keel from 4.0° to 6.5°. 

9.  Daeraaalng the cn.;i8 of dei-d rise of a planing 
surface dücrü"303 tha lower tria limit of stability. 

10.  Tho addition cf a pointed step decreases the 
range of stable trims between tne upper and lower trim 
limit3 cf stability.  She lower Irin liir.it, at inter- 
nedinte planing speeds, is raised when the transverse 
step is replaced by a pointed step. To instability was 

L j 
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pro3ont dttrlttg lr.ndinfls at high trims, but the possibll- 
l*y ot' porpoising during the deceleration while the model 
is or» the water is great. 

Xxingloy Hocorinl Aeronautical Laboratory, 
Hr.tionnl Advisor- Comnittoc for Aeronaut ic s • 

L^ngloy ?i.-i.d, Vc. 
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Figure 1.- Effect of gross weight on trim limits of stability. 
Model 1, 1/12 full-size. 
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Effect of gross weight on trim limits of stability. 
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Figure 11.- Effect of plan form of step on trim limits of stability. 
Model 6, 1/5 full-size. AQ, 62.4 lb; CA0, 1.01. 

Figure 12.- Effect of plan form of fltec on trim limits of stability. 
Model 7, 1/R full-size. A0, 76.2 lb; CA[), 1.0. 
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Figure 15.- Effect of 
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on umier trim limits of 
stability. Model 1. 1/12 
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Figure 16.- Effect of 
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length on trim limit? 
of stability. Model 5. 
A0l 91.9 lb; CAQ, 0.P6 

Scale, 1/12 full-size. 
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Figure 18.- Effect of 
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keel on trim limit? of 
stability. Model 3. 
A0, 91.9' lb; C& , 0.86 
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Scale, 1/12 full size. 
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Figure 20.- Effect of 
pointed 

step on trim limits of 
stability. Model 3. 
io, 91.9 lb; C&0, Ü.P6 
Ccale, 1/12 full size. 
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Model 0      0-1      D-2      D 3 
Location fro» transverse step,In. 
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At keel, In. .51 .79 .97 .59 
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Depth of step, percent beam 
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Tested.1941 Feb. Feb.    June   July 

(Assuming a maximum allowable 
amplitude of 3°.) 

Scale,   1/6 full size. 
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of the oenter of gravity. 

Figure 36.     (Concluded). 
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